A light front treatment of the nuclear wave function is developed and applied, using the mean field approximation, to infinite nuclear matter. The nuclear mesons are shown to carry about a third of the nuclear plus momentum p + ; but their momentum distribution has support only at p + = 0, and the mesons do not contribute to nuclear deep inelastic scattering. This zero mode effect occurs because the meson fields are independent of space-time position.
The discovery that the deep inelastic scattering structure function of a bound nucleon differs from that of a free one (the EMC effect [1] ) changed the way that physicists viewed the nucleus. With a principal effect that the plus momentum (energy plus third component of the momentum, p 0 + p 3 ≡ p + ) carried by the valence quarks is less for a bound nucleon than for a free one, quark and nuclear physics could not be viewed as being independent.
Many different interpretations and related experiments [2] grew out of the desire to better understand the initial experimental observations.
The interpretation of the experiments requires that the role of conventional effects, such as nuclear binding, be assessed and understood [2] . Nuclear binding is supposed to be relevant because the plus momentum of a bound nucleon is reduced by the binding energy, and so is that of its confined quarks. Conservation of momentum implies that if nucleons lose momentum, other constituents such as nuclear pions [3] , must gain momentum. This partitioning of the total plus momentum amongst the various constituents is called the momentum sum rule. Pions are quark anti-quark pairs so that a specific enhancement of the nuclear antiquark momentum distribution, mandated by momentum conservation, is a testable [4] consequence of this idea. A nuclear Drell Yan experiment [5] , in which a quark from a beam proton annihilates with a nuclear antiquark to form a µ + µ − pair, was performed. No influence of nuclear pion enhancement was seen, leading Bertsch et al. [6] to state that the idea of the pion as a dominant carrier of the nuclear force is in question.
Here a closer look at the relevant nuclear theory is taken, and the momentum sum rule is studied. The first step is to discuss the appropriate coordinates. The structure function depends on the Bjorken variable x Bj which in the parton model is the ratio of the quark plus momentum to that of the target. Thus Lagrangian L is given by
where the bare masses of the nucleon, scalar and vector mesons are given by M, m s , m v , and
This Lagrangian may be thought of as a low energy effective theory for nuclei under normal conditions. Quarks and gluons would be the appropriate degrees of freedom at higher energies and momentum transfer. Understanding the transition between the two sets of degrees of freedom is of high present interest, and using a relativistic formulation of the hadronic degrees of freedom is necessary to avoid a misinterpretation of a kinematic effect as a signal for the transition.
This hadronic model, when evaluated in mean field approximation, gives [9] at least a qualitatively good description of many (but not all) nuclear properties and reactions. The aim here is to use a simple Lagrangian to study the effects that one might obtain by using a light front formulation. In this first evaluation, it is useful to study infinite nuclear matter.
This system has ignorable surface effects and using it simplifies the calculations.
The light front quantization procedure necessary to treat nucleon interactions with scalar and vector mesons was derived by Yan and collaborators [10, 11] . Glazek and Shakin [12] used a Lagrangian containing nucleons and scalar mesons to study infinite nuclear matter. Here both vector and scalar mesons are included, and the nuclear plus momentum distribution is obtained.
The next step is to examine the field equations. The relevant Dirac equation for the nucleons is
The number of independent degrees of freedom for light front field theories is fewer than in the usual theory [13] . One defines projection operators Λ ± ≡ γ 0 γ ± /2 and the independent Fermion degree of freedom is ψ 
where
The term on the right hand side is V +µ .
The field equations for the mesons are
We now introduce the mean field approximation [9] . The coupling constants are considered strong and the Fermion density large. Then the meson fields can be approximated as classical-the sources of the meson fields are replaced by their expectation values. The nuclear matter ground state is assumed to be a normal Fermi gas, with an equal number of neutrons and protons, of Fermi momentum k F , and of large volume Ω in its rest frame.
Under these assumptions the meson fields are constants given by
where ρ B = 2k 
The light front eigenenergy (i∂ Eq. (7), is the correct wave function and that Equations (6) and (7) represent the solution of the approximate field equations, and the diagonalization of the Hamiltonian.
The computation of the energy and plus momentum distribution proceeds from taking the appropriate expectation values of the energy momentum tensor T µν [10,11].
We are concerned with the light front energy P − and momentum P + . The relevant components of T µν can be obtained from Refs.
[10] and [11] . Within the mean field approximation one finds
Taking the nuclear matter expectation value of T +− and T ++ and performing the spatial integral of Eq. (8) leads to the result
The subscript F denotes that | k |< k F with k 3 defined by the relation
The energy of the system E = 1 2
, has the same value as in the usual treatment [9] . This can be seen by summing equations (10) and (11) and changing integration variables using
. This equality of energies is a nice check on the present result because a manifestly covariant solution of the present problem, with the usual energy, has been obtained [14] . Moreover, setting The use of Eq. (11) and these parameters leads immediately to the result that only 65% of the nuclear plus momentum is carried by the nucleons; the remainder is carried by the mesons. This is a much smaller fraction than is found in typical nuclear binding models [2] . The nucleonic momentum distribution which is the input to calculations of the nuclear structure function of primary interest here. This function can be computed from the integrand of Eq.(11). The probability that a nucleon has plus momentum k + is determined from the condition that the plus momentum carried by nucleons, P + N , is given by P 
This function is displayed in Fig. 1 .
Similarly the baryon number distribution f B (y) (number of baryons per y, normalized to unity) can be determined from the expectation value of ψ † ψ. The result is
Some phenomenological models treat the two distributions f (y) and f B (y) as identical.
The distributions have the same normalization: dyf (y) = 1, dyf B (y) = 1, but they are different as shown in Fig. 1 .
The nuclear deep inelastic structure function, F 2A can be obtained from the light front distribution function f (y) and the nucleon structure function F 2N using the relation [16] 
where x is the Bjorken variable computed using the nuclear mass divided by A (M): More generally, we view the present model as being one of a class of models in which the mean field plays an important role [20] . For such models nuclei would have constituents that contribute to the momentum sum rule but do not contribute to deep inelastic scattering.
Thus the predictive and interpretive power of the momentum sum rule is vitiated. In particular, a model can have a large binding effect, nucleons can carry a significantly less fraction of P + than unity, and it is not necessary to include the influence of mesons that could be ruled out in a Drell-Yan experiment.
This work is partially supported by the USDOE. I thank the SLAC theory group and the national INT for their hospitality. I thank S.J. Brodsky, L. Frankfurt, S. Glazek, C.M.Shakin and M. Strikman for useful discussions.
[7] Our notation is that a four vector A µ is defined by the plus, minus and perpendicular components as (A 0 + A 3 , A 0 − A 3 , A ⊥ ) and A · B = 1 2
[8] The use of scalar mesons is meant as a simple representation of the two pion exchange potential which causes much of the the medium range attraction between nucleons, as well as the effects of a fundamental scalar meson. Thus the pion is an important implicit part of the present Lagrangian. [11] T-M Yan Phys. Rev. D7, 1760, 1780 (1974).
[12] St. Glazek, C. M. Shakin, Phys. Rev. C44, 1012 (1991).
